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ABSTRACT 
Utilization of agro- and food-industrial residues has special importance today. One possible way of the 
applications is the production of industrially interesting microbial hydrolases, for which, solid-state 
fermentation is a low-cost and environmental friendly biotechnological technique. Since most filamentous 
fungi are able to biodegrade the cellulosic content of these natural materials, high-yield production of 
extracellular P-glucosidases can be obtained during the fermentation. In this study, zygomycetous fungal 
strains representing Rhizomucor miehei, Rhizopus stolonifer, Mucor corticolus, Mortierella echinosphaera 
and Umbelopsis autotrophica were grown in solid cultures containing various oilseed residues and oat bran 
as carbon sources to assess the production of their P-glucosidases. Among the oilseed residues, pumpkin seed 
proved to be the best inductor for P-glucosidase activity. Enzyme production of R. miehei and U. 
autotrophica was further enhanced when oat bran was used as support. Effect of minerals salts on the enzyme 
yield was also assayed, in which P-glucosidase production of the investigated strains was generally 
stimulated after moisturizing the substrates by mineral salt solution. 
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INTRODUCTION 
Agricultural and food industrial processes produce large amount of by-products and waste 
materials which can be utilized for various microbiological-biotechnological applications. 
Besides the bioethanol preparation (SARKAR ET AL., 2012), high-yield production of 
microbial enzymes is also useful direction to exploit these substrates efficiently. Since 
filamentous fungi can produce a variety of hydrolases (e.g. cellulases, lipases, proteases), 
fermentation using these microorganisms is a well applicable method for decomposing the 
plant-derived materials. As part of the cellulase enzyme system, p-glucosidases (EC 
3.2.1.21) play crucial role in the enzymatic hydrolysis of cellulosic content (GAO ET AL., 
2013; S l N G H A N l A , 2009). These enzymes catalyze the hydrolysis of cellodextrines as well 
as the endo- and exoglucanase inhibitor cellobiose to glucose (LYND ET AL., 2002). The 
hydrolyzing activity of P-glucosidases can be utilized in various applications, such as 
enzymatic degradation of olive wastewater, or liberation of aroma and antioxidative 
phenolic compounds ffom plant-derived products (KHOUFI ET AL., 2011; ACOSTA-
ESTRADA ET AL., 2014). Under certain conditions, p-glucosidases are able to transfer 
glycosyl groups to saccharides and alcohols resulting in the formation of pharmaceutical^ 
important oligosaccharides, alkyl-glycosides, and different glycoconjugates (SMAALI ET 
AL, 2007). 
Zygomycetes fungi are a remarkable group of filamentous fungi. Many species, especially 
those belonging to the order Mucorales, have successfully been used for production of 
cellulase enzymes (FERREIRA ET AL., 2013). However, compared to other filamentous 
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fungal group, we know little about how these enzymes are induced and formed in solid 
conditions using plant-derived residues. In our previous work, p-glucosidase activity of 
several zygomycetes grown in liquid and solid media was measured and some strains 
showed intensive extracellular enzyme activity on wheat bran (TAKO ET AL., 2010). This 
study presents the P-glucosidase production of zygomycetes strains using oilseed residues 
such as hempen-, line-, poppy- and pumpkin-seed and oat bran in solid-state fermentation 
(SSF). Five strains of the genera Rhizomucor, Rhizopus, Mucor, Umbelopsis and 
Mortierella were tested and the effect of mineral salts and olive oil on the product yield 
was also assessed. To our best knowledge, Umbelopsis and Mortierella isolates have never 
been investigated in this regard. 
MATERIAL AND METHOD 
Fungal strains and media for fermentation 
Rhizomucor miehei (SZMC 11005; SZMC - Szeged Microbiological Collection, Szeged, 
Hungary), Rhizopus stolonifer (SZMC 13609), Mucor corticolus (SZMC 12031), 
Mortierella echinosphaera (SZMC 11251) and Umbelopsis autotrophica (SZMC 11276) 
strains were used for SSF. The hempen-, line-, poppy- and pumpkin seed residue substrates 
were remained after extraction of the plant-seed oils (Solio Ltd.). Crude fiber content of 
them was determined by the producer. The oat bran was purchased in a local market 
(Natura Ltd.). 
Culture conditions for p-glucosidase production 
To investigate the production of P-glucosidases on the plant residues and under different 
conditions, five grams of substrate were taken in 100-ml Erlenmeyer flasks and moistened 
with 5 ml distilled water (medium 1) or 9.5 ml mineral salt medium (medium 2; % in w/w 
substrate in distilled water: 0.75% (NH4)2S04, 0.34% NH2CONH2, 1.8% NaH2P04, 0.3% 
KH2P04, 0.045% MgS04 x 7H20, 0.0375% CaCl2). The culturing media were autoclaved, 
and the flasks were inoculated with a spore suspension containing 106 sporangiospores/ml. 
Cultures were grown for 7 days at desired temperatures depending on the culturing 
requirements of the tested strain (20 °C: U. autotrophica, 25 °C: M. corticolus, Rh. 
stolonifer, M. echinosphaera, 37 °C: R. miehei). All fermentation tests were carried out in 
three independent experiments. 
Extraction and determination of P-glucosidase activity 
Preparation of crude samples was carried out by an extraction with 30 ml of 0.1 M sodium 
acetate buffer (pH 6.0) at 4 °C for 24 h. The extracts were filtrated and then centrifiiged at 
16.200g for 15 min. The resulted clear supernatants were designated as crude extracts and 
used for enzyme activity assay. The P-glucosidase activity was determined by using p-
nitrophenyl-P-D-glucopyranoside (pNPG; Sigma) as substrate in a reaction mixture 
containing 180 pi diluted enzyme solution and 20 pi of 7 mM pNPG. Reaction mixtures 
were incubated at 50 °C for 30 min and the reaction was stopped by adding 50 pi of 10% 
(w/v%) Na2C03. Ftara-nitrophenol release was monitored at 405 nm in 96-well microtiter 
plates using an ASYS Jupiter HD microplate reader (ASYS Hitech). One unit of P-
glucosidase activity (U) was defined as the amount of enzyme that released 1 pmol of p-
nitrophenol per min under assay conditions. Enzyme activity values were expressed in U/g 
dry weight substrate (U/gds). 
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Statistical analysis 
Standard deviations of means were performed with Microsoft Excel software from the 
Microsoft Office package. Enzyme activity values are averages counted from three 
independent measures. 
RESULTS 
Solid-state fermentation is a process when growth/cultivation of microorganisms is 
performed on water insoluble or sparingly water-soluble materials. Since solid medium 
could simulate the natural habitat of filamentous ftingi, this fermentation technique is 
frequently used to produce inducible enzymes (MITCHELL and BEROVIC, 2006). In this 
study, P-glucosidase production of five filamentous fungal strains was investigated in solid 
cultures using various oilseed residues and oat bran. The R. miehei and M. corticolus 
strains were selected on the basis of our previous screening researches (TAK.0, 2011) . The 
Rh. stolonifer, M. echinosphaera and U. autotrophica isolates showed intensive growth on 
these substrates in a recent assay (KOTOGAN ET AL., 2013). 
Detection of P-glucosidase activity on oilseed residues 
Hempen-, line-, poppy- and pumpkin seed residues were used as substrates and moistened 
with distilled water (medium 1) or mineral salt solution (medium 2). The results in Table 1 
provide a summary of the P-glucosidase production obtained for each substrate and isolate. 
The tested isolates exhibited various enzyme yields during the fermentation tests; however, 
results showed that these plant residues are potential substrates for P-glucosidase 
production by the investigated fungi. The R. miehei and M. corticolus isolates proved to be 
the best producers on these substrates presenting from 1.32 to 8.16 and 0.99 to 4.75 U/gds 
of P-glucosidase, respectively. In general, enzyme yields were positively influenced by the 
addition of mineral salt solution as support; especially, in case of the M. corticolus isolate, 
at which the product yield has been enhanced for each substrate. At least 1.15 fold 
increases in the p-glucosidase activity could be detected by this strain. 
Table 1. p-Glucosidase yield of the tested zygomycetes fungi on oilseed residues 
moisturized with distilled water (medium 1) or mineral salt solution (medium 2) 
P-GIucosidase activity (U/g dry substrate)" 
Substrate Rhizomucor Rhizopus Mucor Umbelopsis Mortierella 
miehei stolonifer corticolus autotrophica echinosphaera 
Hempen seed 
medium 1 4 . 1 9 ± 0 . 1 5 b 0 . 0 3 8 ± 0 . 0 0 3 1 . 2 9 ± 0 . 0 8 0 . 5 6 ± 0 . 0 1 0 . 0 1 3 ± 0 . 0 0 1 
medium 2 4 . 5 8 ± 0 . 3 2 0 . 0 5 0 ± 0 . 0 0 3 4 . 7 5 ± 0 . 1 6 0 . 9 5 ± 0 . 0 3 0 . 0 1 7 ± 0 . 0 0 1 
Poppy seed 
medium 1 6 . 9 0 ± 0 . 2 9 0 . 0 0 9 ± 0 . 0 0 1 0 . 9 9 ± 0 . 0 8 0 . 2 6 ± 0 . 0 1 0 . 0 0 5 ± 0 . 0 0 1 
medium 2 1 . 3 2 ± 0 . 1 1 0 . 0 2 1 ± 0 . 0 0 1 1 . 1 5 ± 0 . 0 2 0 . 5 7 ± 0 . 0 3 0 . 0 0 4 ± 0 . 0 0 1 
Line seed 
medium 1 2 . 5 0 ± 0 . 2 1 0 . 0 5 6 ± 0 . 0 0 7 2 . 1 1 ± 0 . 1 1 1 . 1 6 ± 0 . 0 6 0 . 0 3 4 ± 0 . 0 0 3 
medium 2 4 . 6 9 ± 0 . 2 7 0 . 0 4 7 ± 0 . 0 0 6 2 . 6 9 ± 0 . 1 5 0 . 8 8 ± 0 . 0 6 0 . 0 3 3 ± 0 . 0 0 1 
Pumpkin seed 
medium 1 3 . 7 2 ± 0 . 2 3 0 . 0 3 6 ± 0 . 0 0 2 1 . 1 0 ± 0 . 0 4 0 . 8 7 ± 0 . 0 9 0 . 0 4 1 ± 0 . 0 0 2 
medium 2 
a A a ! . ' a ' 
8 . 1 6 ± 0 . 7 9 0 . 0 6 9 ± 0 . 0 0 1 
* a.. -,lh j 
1 .51 ± 0 . 0 8 1 . 1 8 ± 0 . 0 3 0 . 0 3 2 ± 0 . 0 0 3 
 Activities presented were measured at the 7  day of the fermentation. 
b Values are averages calculated from the data of three independent measurements ± standard deviation. 
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Interestingly, there was no general correlation between the P-glucosidase activities 
developed on each substrate and the crude fibre content of the seeds (Table 2). Except in 
the case of M. corticolus, maximum p-glucosidase production could be recorded on 
pumpkin seed residue, which contains the lowest amount of crude fibre (3-3.5%) among 
the oilseed materials. One possible explanation for this phenomenon may be that the crude 
fibre content of this substrate is more accessible for the exoglucanases and endoglucanases 
produced by the fungi. To avoid the end-product inhibition effect of cellobiose (MURPHY 
ET AL, 2013), higher yield of P-glucosidase is required. Additionally, since certain 
carbohydrates (e.g. glucose, cellobiose) have strong inhibitory effect on P-glucosidases 
(EYZAGUIRRE ET AL., 2005), enzyme activity may also be influenced by the sugar content 
of the plant-seed substrates. The producer indicated up to 5 and 5.5% sugar and starch 
content in case of the hempen seed and poppy seed residues, respectively. The slight lower 
enzyme activity by Rh. stolonifer, U. autotrophica and M. echinosphaera on these 
substrates may be due to the inhibitory effect of the carbohydrates presented in the crude 
extract. Because of moderate tolerance to glucose has been reported for R. miehei and M. 
corticolus P-glucosidases (KRISCH ET AL., 2010), these enzymes could exhibit considerable 
activity at higher sugar concentrations. Another explanation for the variable yields would 
be the different extractive (e.g. flavonoids, tannins, terpenes, etc.) content of the substrates 
which may cause, for example, microbial growth inhibition and fibre hygroscopicity 
reduction (ANG ET AL., 2013); however, chemical composition analysis of the oilseed 
residues has not been performed. 
Table 2. Crude fibre content of the oilseed residues (as given by the producer) 
Oilseed residue 
Crude fibre content 
(w/w %) 
Hempen seed 13.2 
Poppy seed 10 
Line seed 9-10 
Pumpkin seed 3-3.5 
Detection of p-glucosidase activity on oat bran 
While the enzyme activity of the other strains obtained on oat bran was comparable to that 
presented on oilseed residues, R. miehei was outstanding in its p-glucosidase activity using 
this substrate (Table 5). The maximum 30.39 U/gds P-glucosidase activity recorded in this 
research was 2.5 and 6.7 fold higher compared to the enzymes produced by Aspergillus 
fumigatus on wheat straw (SHERIEF ET AL., 2010) and A. fumigatus S K I on oil palm trunk 
(ANG ET AL., 2013), respectively. However, the presented enzyme activity is less 
significant as compared with our previous study in which 229.8 U/gds product yield could 
be reached for the same isolate using wheat bran based SSF (TAKO ET AL., 2010). 
Table 3. p-Glucosidase yield of the tested zygomycetes fungi on oat bran moisturized 
with distilled water (medium 1) or mineral salt solution (medium 2) 
p-Glucosidase activity (U/g dry substrate)" 
Rhizomucor Rhizopus Mucor Umbelopsis Mortierella 
miehei stolonifer corticolus autotrophica echinosphaera 
medium 1 26.04 ± 0.52 b 0.048 ± 0.002 1.19 ±0.05 1.85 ±0.03 0.038 ±0.001 
medium 2 30.39 ± 0.55 0.068±0.001 1.69±0.04 3.35 ±0.11 0.027±0.001 
a Activities presented were measured at the 7"1 day of the fermentation. 
b Values are averages calculated from the data of three independent measurements ± standard deviation. 
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Using oat bran as substrate, U. autotrophica was able to produce P-glucosidase with higher 
yield compared to other research on oilseed residues (see Table 1 and Table J). The 
exhibited 3.35 U/gds enzyme activity is significant since it was 3 fold higher than to that 
presented by M. corticolus which had been identified as strong P-glucosidase producer in 
our previous examinations on wheat bran (TAKO, 2011). It is worth to mention that there 
have been no previous studies on Umbelopsis species for their p-glucosidase activity. 
Activity data presented here suggest that it would be advantageous to screen these fungi for 
P-glucosidase production in future researches. 
CONCLUSIONS 
Successful production of industrially important microbial enzymes on agro- and food-
industrial residues is a promising and eco-friendly approach to utilize these materials. 
Here, we studied the feasibility of some oilseed residues and oat bran to produce high level 
P-glucosidases through solid-state fermentation using zygomycetes. The investigated five 
fungal strains grow well during the cultivation, and they can be used for efficient 
utilization of these plant residues for production of extracellular P-glucosidases. In case of 
most fungi, pumpkin seed proved to be the best substrate for enzyme production; 
maximum enzyme activity was achieved by R. miehei. It can be concluded that the P-
glucosidase yield generally increased by moisturizing of the substrate with mineral salt 
solution. This study also highlighted the potential of U. autotrophica for P-glucosidase 
production. 
ACKNOWLEDGEMENTS 
The research of M.T. and A.K. was supported by the European Union and the State of 
Hungary, co-financed by the European Social Fund in the framework of TAMOP 
4.2.4.A/2-11-1-2012-0001 „National Excellence Program". The relating research group 
was also supported by the Hungarian Research Fund (OTKA NN106394) providing 
infrastructure and research equipment. The authors are thankful to Solio Ltd. for the 
oilseed residues. 
REFERENCES 
ACOSTA-ESTRADA, B .A . , GUTIERREZ-URIBE, J .A . , SERGIO, O . , SERNA-SALDIVAR, S .O . 
(2014): Bound phenolics in foods, a review. Food Chemistry 152: 46-55. 
ANG, S .K. , SHAZA, E .M . , AD1BAH, Y . , SURAINI, A .A , MADIHAH, M .S . (2013): Production of 
cellulases and xylanase by Aspergillus fumigatus SKI using untreated oil palm trunk 
through solid state fermentation. Process Biochemistry 48: 1293-1302. 
EYZAGUIRRE, J. , HIDALGO, M „ LESCHOT, A . (2005): p-GIucosidases from filamentous 
fungi. In: YAREMA, K.J . (ed.) Handbook of carbohydrate engineering. C R C Press Taylor & 
Francis Group, Boca Raton, pp. 645-686. 
FERREIRA, J .A. , LENNARTSSON, P.R., EDEBO, L „ TAHERZADEH, M . J . (2013): Zygomycetes-
based biorefinery: Present status and future prospects. Bioresource Technology 135: 523-
532. 
54 
Review on Agriculture and Rural Development 2013. vol. 2 (2) ISSN 2063-4803 
GAO, L., GAO, F., ZHANG, D. , ZHANG, C., WU, G . , CHEN, S. (2013): Purification and 
characterization of a new |3-glucosidase from Penicillium piceum and its application in 
enzymatic degradation of delignified corn stover. Bioresource Technology 147: 658-661. 
KHOUFI, S., HAMZA, M . , SAYADI, S. (2011): Enzymatic hydrolysis of olive wastewater for 
hydroxytyrosol enrichment. Bioresource Technology 102(19): 9050-9058. 
KOTOGÁN, A . , PAPP, T., VAGVÖLGYI, CS., TAKÓ, M . (2013): Extracellular lipase production 
in solid state fermentation using agricultural and food industrial by-products as substrates. 
In: DALMADI, I., ENGELHARDT, T., BOGÓ-TÓTH, ZS., BARANYAI, L. , BÚS-PAP, J., MOHÁCSI-
FARKAS, Cs. (ed.) Food Science Conference 2013: Book of proceedings. Corvinus 
University of Budapest, Budapest, pp. 173-176. 
KRISCH, J., TAKÓ, M., PAPP, T., VÁGVÖLGYL, CS. (2010): Characteristics and potential use 
of (3-glucosidases from Zygomycetes. In: MÉNDEZ-VLLAS, A. (ed.) Current Research, 
Technology and Education Topics in Applied Microbiology and Microbial Biotechnology. 
Formatex Research Center, Badajoz. pp. 891-896. 
LYND, L.R., WEIMER, P.J., VAN ZYL, W .H . , PRETORIUS, I.S. (2002): Microbial cellulose 
utilization: fundamentals and biotechnology. Microbiology and Molecular Biology 
Reviews 66(3): 506-577. 
MITCHELL, D.A., BEROVIC, M. (2006): Solid-state fermentation bioreactor fundamentals: 
Introduction and overview. In: MITCHELL, D.A., KRIEGER, N. , BEROVIC, M . (ed.) Solid-
State Fermentation Bioreactors: Fundamentals of Design and Operation. Springer-Verlag, 
Berlin, Heidelberg, pp. 1-12. 
MURPHY, L., BOHLIN, C. , BAUMANN, M.J . , OLSEN, S.N., SQRENSEN, T.H. , ANDERSON, L., 
BORCH, K., WESTH, P. (2013): Product inhibition of five Hypocrea jecorina cellulases. 
Enzyme and Microbial Technology 52(3): 163-169. 
SARKAR, N . , GHOSH, S.K. , BANNERJEE, S., AIKAT, K. (2012): Bioethanol production from 
agricultural wastes: An overview. Renewable Energy 37(1): 19-27. 
SHERIEF, A .A . , EL-TANASH, A . B., ATIA N . (2010): Cellulase production by Aspergillus 
fumigatus grown on mixed substrate of rice straw and wheat bran. Research Journal of 
Microbiology 5: 199-211. 
SINGHANIA, R.R. (2009): Cellulolytic enzymes. In: SLNGH NEE' NLGAM, P., PANDEY, A. 
(ed.) Biotechnology for agro-industrial residues utilisation. Springer Science+Business 
Media BV, Dordrecht, pp. 371-381. 
SMAALI, I., MAUGARD, T., FERID, L., LEGOY, M.D., MARZOUKI, N . (2007): Efficient 
synthesis of gluco-oligosaccharides and alkyl-glucosides by transglycosylation activity of 
P-glucosidase from Sclerotinia sclerotiorum. World Journal of Microbiology & 
Biotechnology 23: 145-149. 
TAKÓ, M. (2011): Analysis of beta-glucosidases from zygomycetes fungi: purification and 
characterization of the enzyme, molecular and functional analysis of the coding genes. PhD 
thesis. University of Szeged, Szeged. 52 p. 
TAKÓ, M . , FARKAS, E., LUNG, SZ., KRISCH, J., VÁGVÖLGYI, CS., PAPP, T. (2010): 
Identification of acid- and thermotolerant extracellular P-glucosidase activities in 
Zygomycetes fungi. Acta Biologica Hungarica 61(1): 101-110. 
